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INTRODUCTION

Flexographic

and

rotogravure

printing

are

two

of

the

three

predominant printing processes; the other is offset lithography.
They are similar in that they each transfer a very fluid,

low

viscosity ink from an ink fountain to an engraved cylinder.
Foamed ink is a completely water based liquid ink that is

foamed by the introduction of air at press side, and presents
numerous advantages over conventional organic solvent based and
water based inks.

The prime advantage is that foamed inks are a

completely aqueous, environmentally safe system.
is the cost savings associated with foamed ink.
reduced,

insurance

costs

and

solvent

Another benefit

Ink consumption is

disposal

systems

are

eliminated, and dryer energy consumption is reduced.
Foamed ink has been successfully employed in gravure printing.
Because of the similar nature of the two processes and their inks, it

is

presumed

that foamed

ink would

be

equally

effective

in

flexographic printing.

The

Flexographic

Printing

Process:

The printing mechanism in flexography is a

raised image

photopolymer or rubber printing plate, identical in concept to that of
a rubber stamp.

An aniiox cylinder, engraved with tiny cells of equal

dimension, turns in a pan of ink.

ink along its surface.

The rotation of the aniiox picks up

This ink is metered by a doctor blade, which

scrapes the ink from the areas between the cells, called lands,

leaving the ink contained in the cells.

The aniiox cylinder contacts

the printing cylinder, upon which the relief image plate is mounted.
In the relief image area the plate cylinder contacts the cells of the
aniiox and the ink is drawn from the cells to the printing plate.

The

image is then printed by the contact of the plate to the substrate.
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The Gravure

Printing

The printing

engraved cylinder.

Process:

mechanism in gravure is an

image carrying

The gravure printing cylinder contains variable

size cells in the image area, some of the cells being as small as four
microns.

The cylinder rotates in an ink pan to produce a coverage of

ink across its surface, like the aniiox cylinder does in flexo.

The ink

is metered by a doctor blade which scrapes ink from the lands of the

cylinder and leaves the ink in the cells.

The cylinder then transfers

this ink to the substrate to produce a printed image.
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Potential

Markets:

Foamed ink has been developed primarily in the publishing

segment of the gravure industry.

Ink formulations for paper

substrates are already complete, thus the publishing industry is an

area of promise for foamed ink in flexo.

Similarly, foamed ink in

flexo could readily be adapted to the packaging industry.

THE HISTORY OF FOAMED INK

The concept of foamed ink has been around for most of the

century, and foamed inks have been successfully employed in the
textile industry.

However, they had not been successful in the

printing of paper until the advent of the Foamink Company and United
States Patent Number 4,474,110, dated October 2, 1984.

On February 14, 1961, Charles A. Kumins was issued U.S.

Patent Number 2,971,458 for a "novel process of applying colors to
textile materials" utilizing foamed inks. (1:1)

Kumins patented "a

process of printing on textiles which includes applying a foamed

print paste . . . to the engravings of an intaglio printing cylinder . . ."

(1:12)

Kumins stated that the foamed inks "may be employed for

gravure printing on paper or wood, and may be employed in silkscreen printing also." (1:2)

Kumins

discovered

that

his

foamed

printing

pastes

had

excellent printing properties: "Surprisingly, we have found that, in

most cases in which we have made a comparison, cloth printed with

the novel air-thickened pigment printing pastes of the

present

invention shows better color yield than the same cloth printed with

conventional

oil-in-water or water-in-oil type

pigment printing

pastes to give the same deposition of pigment on the cloth." (1:4)

He

was unable to give any explanation for the improved performance of
foamed printing paste.

In specifying the process, he stated "[i]n order to achieve
consistent and uniform results in printing, it is desirable to use

foams whose density is in the region of good stability.
The size of the individual air bubbles in our printing foams

can and does vary somewhat.

It is important, however, to have the

bubbles as nearly uniform as possible. Where the print paste is to be

printed from an intaglio cylinder or plate it is important to have the
bubbles considerably smaller than the finest lines in the engravings,
so as to assure sharpness of the print." (Italics added) (1:2)
It is now known, and stated in the Foamink Company's patent,
that some of these statements are erroneous.

Long term stability of

the foam is an undesirable property, as this results in the foam

bubbles merging and expanding to a size that prohibits successful

printing.

Also, the size of the bubbles is not required to be uniform

or smaller than the finest cells of the printing cylinders, as the
bubbles are converted to thin membranes by the action of the doctor

blade in gravure or flexographic printing.

Moreover, attempting to

generate bubbles that are considerably smaller than the smallest
cells of an engraved gravure cylinder would require bubbles smaller
than five microns.

To produce such microscopic bubbles would

require highly specialized and expensive equipment.

Mario P. Gagliardi, et al, was issued U.S. Patent Number
3,400,658, on September 10, 1968, for his method of intaglio

printing using foamed inks, which he stated was an improvement
over the method delineated in the Kumins patent.

They claimed "a

process of intaglio printing which comprises applying a foamed print
paste ... to the engravings of an intaglio printing cylinder . . ." (2:5)
As to the benefits of the Gagliardi process, they stated that it
reduced

the

hazards

of

printing

with

solvent

inks,

had

less

penetration into the substrate which resulted in less pigment for
equal color densities, improved gloss, improved rub resistance, and
reduced ink consumption and cost. (2:1)

Gagliardi, et al, stated that their patent differed from Kumins'
in that "[t]he primary shortcoming of the [Kumins] patent resides in
the inability to fully and uniformly fill the finer cells of the gravure

plate with the foamed ink.

This results in 'washed-out' prints with

many of the lighter half-tone areas appearing to be white.
We (Gagliardi, et al) have found that one of the primary factors
in the inability of the foamed ink in the process of the patent to fill
the finer cells of the gravure cylinder plate is that after a given
length of time, the distribution of the gas in the foamed ink becomes
very non-uniform.
producing

The

larger and

dispersed

gas bubbles tend to

larger bubbles.

We

have found

merge
that by

maintaining the ink in the foamed state for a very short period of
time,

the

foamed

ink

remains

appreciable bubble merger." (2:1)

quite

uniform

and

free

from

They also stated that the ink is

then recirculated and refoamed. (2:2)

Charles A. Rosner of the Foamink company was issued U.S.

Patent Number 4,474,110, on October 2,
process

employing

a

water-based

comprising the following steps:

1984, for "[a] printing

foamable

ink

composition

(a)

foaming the ink composition,

(b)

applying a coating of the foamed ink composition to
the surface of a gravure cylinder . . .,

(c)

doctoring the surface of the cylinder to convert said
coating into discrete thin membranes . . ., and

(d) transferring the membranes to a web surface, either
directly, or indirectly via one or more intermediate
transfer rolls. (3)

As to the scope of the claim,

Rosner stated that "[t]he

invention is especially useful in, but not limited to, rotogravure
printing." (3:1)

In regard to the specifics of the process, Rosner stated that
"the relative size and uniformity of the foam bubbles is not a
dominant factor in the successful application of pigmented water

based foamed ink in a rotary gravure printing process.

Rather than

attempting to fill fine cells with small foam bubbles, the present
invention relies on an initial distribution of a layer of relatively

large foam bubbles over the surface of an engraved cylinder,
followed by a conversion of the bubbles through doctoring into
discrete membranes spanning each of the cells, with the surface

area or 'lands' of the cylinder between the cells as well as the cell
interiors underlying the membranes substantially free of ink." (3:2)
He also stated that "foams which have first drop drainage times of

well below one hour are entirely acceptable." (3:3-4)
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THE FOAMED INK PROCESS
Inks:

Foamed inks are made as a completely aqueous liquid ink that

is foamable at press side.

The ink is comprised of the same basic

components as other gravure
solvents (water), and additives.

or flexo

inks: pigments, resins,

However, unlike most aqueous ink

systems, they contain at most 1% Volatile Organic Compounds,
which makes them environmentally safe and places them in full

compliance with E.P.A. regulations.

A typical formula would contain:

Water

65.5%

Resin

15.0

4.5

Ammonia

Pigment

12.0

Surfactants
Foamers and Waxes

2.0

U2
100.0

Foamed inks can be high in viscosity

in their liquid state;

readings of approximately 45 seconds on a #2 Zahn cup are possible,
although Zahn or Shell cups are ineffective measures of their

viscosity.

Foamed inks are

pseudoplastic.

A pseudoplastic fluid has

a viscosity that decreases instantly as shear force is applied, but
regains its viscosity when the force is removed.

Therefore, the

proper measurement of a foamed ink's viscosity must be conducted
on a Brookfield viscosimeter in two parts: it must be taken at a high

and a low rpm to measure the pseudoplasticity.
a critical property for runnability, and is

Pseudoplasticity is

exhibited when the ink

experiences the high shear rates of the doctor blade on the cylinder
face.

Foamed ink is highly resoluble.

It is relatively high in pH and

is formulated with resins that do not crosslink, like most aqueous

inks.

Because of the high pH and lack of crosslinking, the ink is

resoluble indefinitely, allowing for easy clean up.

The pH of foamed

ink is approximately 9.5, compared to a pH of 8.5 for a typical
conventional aqueous ink.
Foamed inks are formulated to expand to six to eight times

their volume when mixed

with air.

They remain in their foamed

state for a period of approximately 20 minutes, dependent on the
exact formulation.

This is a critical aspect; it

is necessary for the

ink to collapse from its foamed state in a relatively short period of
time.

Otherwise, the ink foam bubbles would expand, producing large

bubbles that are incapable of wetting the cylinder.

The collapse

from the foamed state enables recirculation and refoaming.
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Press

Dynamics:

Press retrofits are necessary to accomodate foamed inks.

ink pan must be enclosed to prohibit air flow.
system must be installed

The

A foam generation

to mix the liquid ink and air

to produce

foamed ink.

The liquid ink is foamed at press side by a foam generation
unit which pumps foamed ink to the ink
pumped from

its container to a

with compressed air.

This

pan.

The liquid ink is

mixing chamber, where it is mixed

mixture is then pumped through a tube,

termed

the improver tube, that is densely packed with small teflon

beads.

The improver tube is an agitation system; it thoroughly

mixes ink and air to produce a foamed ink.
The ink is formulated to begin to collapse from the foamed

state in approximately 20 minutes.

If this did not occur, many of

the tiny foamed ink bubbles would merge continuously, eventually
producing sizable bubbles.

If the bubbles grew too large they would

be unable to fill in the tiny cells of the cylinder, resulting in voiding
in the print.

The collapsed ink is drained and recirculated.

A blade, dubbed the lamellar flow prevention, or LFP, blade by

the Foamink Company, is required to enclose the cylinder on the side
opposite the doctor blade.

flow into the ink pan.

The rotation of the cylinder causes air

While not powerful enough to affect a liquid

ink system, this airflow is able to

foamed

ink away from the cylinder.

drive the comparatively light

This causes inadequate ink

supply to the cylinder and materializes as voiding in the print.

The
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LFP blade is able to block the influx of air to the ink pan, allowing
the foamed ink access to the cylinder.

The foamed ink 'rides' on the cylinder (refer to figure 3) until

reaching the doctor blade nip. The wiping action of the doctor blade
forces

the foamed ink into the cells (refer to figure 4), where it

forms a lamella stretched across the cells (refer to figure 5).

The

lamella of ink is high in energy, because of its desire to revert to a

liquid state, and is contained at the top of the cell.

Because of the

energy content it has a high desire to transfer to the plate.

Because

it is contained at the top of the cell it is easy to make contact with

the plate.

These factors equate to less impression pressure and

fewer skipped dots.

The lowered doctor blade pressure and the low

abrasiveness of the inks will increase cylinder and doctor blade life.

Figure 3
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Figure 4

Figure 5
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The thin layer of ink transferred with foamed ink compared to

liquid

inks

results

penetration into

in less

the substrate.

dryer energy

required

and

less

Because of the lowered penetration

more of the ink is 'held out' on the top of the substrate.

This will

give equal color yields to that of conventional inks that deposit
more ink on the substrate.

An aspect of foamed ink is that the inks runnability on press is
not

as

viscosity

dependent

as

that

of

conventional

inks.

Conventional inks require a low viscosity to wet the cells of the

cylinder.

Because foamed inks 'fill' the cells with a thin membrane,

it is possible to run with higher viscosities.

Higher viscosity inks

will print deeper, denser solids but are more speed sensitive, having
difficulties producing a clean print at high speeds.

Foamed inks

viscosity is set during ink manufacture and can be altered to fit the
product and press speed.
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Contrasts

to

Conventional

Flexo:

A contrast to flexo with foamed inks as opposed to flexo with

liquid inks, is that foamed inks will, theoretically, offer superior
control of tones and density.

Liquid inks do not transfer all of the

ink from the aniiox cells to the plate, causing somewhat variable
results.

The entire lamella of the foamed ink is transferred from

the cells to the plate, every revolution, and this will produce
consistent, predictable results.

Foamed ink improves drying over that of liquid ink. Because of
the thin film of ink applied to the substrate, there is less solvent to

evaporate, thus less dryer energy need be expended.

Equal densities

to that of liquid inks can be achieved because of the improved hold
out and pigment utilization of foamed inks.
An area of interest with the use of foamed

coverage in the solid areas of the image.

ink relates to

Traditionally, solids

require more ink than screen patterns to be successfully printed in
flexo; often a coarser aniiox will be employed for the printing of
solids than that of screens, despite the requirement of an additional

printing unit to do this.

Foamed ink will definitely apply a thinner

film of ink to the plate than traditional inks do.

However, the

improved hold-out and resulting improvements in color yield and
gloss may enable foamed ink to print solids with the same aniiox
screen ruling it uses to print screen patterns.

verify this statement.

Future studies will

Viscosity can also be adjusted to improve

printability in the solid areas.
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FLEXOGRAPHIC PRESS TRIAL
As part of my research, I conducted a flexographic press trial of foamed
ink, in association with Sun Chemical and the Foamink Company, with the

objective of simply determining foamed ink's runnability, with only minor regard

given to its printability. The trial took place at Sun Chemical's testing facility in
Carlstadt, New Jersey. The following condiltions were established:
Press:

Plates:
Aniiox:
Substrate:
Doctor Blade:

Manufactured by Genik, can be
adapted for gravure, flexo, or letterpress
Napps photopolymer
360 Ipi ceramic

48.8 g/m2 newsprint
Steel

A makeshift retrofit was created to create the black foamed ink samples.
Two black foamed inks were tested; the first was made with a rosin ester vehicle

and the second with an acrylic vehicle.

These two vehicle systems were

chosen for their drying and runnability characteristics previously exhibited in
gravure.

The foamed ink was run at speeds of 500, 1000, and 1800 feet per
minute.

The density of the foamed ink print averaged 1.05 throughout the

samples. This is above standard for litho news, but below that of flexo news.
The ink would require reformulation to achieve higher densities. However, the

foamed ink was proven capable of printing in flexography.

1 -text

2 - tone areas

3 - photos
4 - solids

Figure 6: Test Pattern Used in Trial
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CONCLUSIONS
While development is still necessary, foamed ink is a viable system for
flexography that offers many advantages.

The principal benefit of foamed ink lies in its aqueous nature. Because it

is a completely water-based system, foamed ink is environmentally safe,

meeting E.P.A. requirements. It eliminates the explosion hazards associated
with solvent inks, and has no adverse affect on the health of workers exposed to
the ink.

Foamed ink offers substantial cost savings. Because the ink is mixed

with air, ink consumption is greatly reduced. Solvent incineration or recovery

systems are not required.

Insurance costs decrease because there is no

explosion danger. Dryer energy usage decreases because of the thin film of ink
deposited on the substrate.

There are other, less tangible, benefits of the foamed ink system. Greater
control of the tones and solids can be realized. Doctor blade pressure can be

reduced resulting in less doctor blade and cylinder wear. The low abrasiveness
of the ink also equates to less wear. The resolubility of the ink facilitates clean
up. The lowered ink penetration decreases curling.
Foamed ink is an exciting new ink process that offers solutions to many of

the troubles faced by flexo printers today. Development and implementation of
this process will be possible and rewarding.
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RECOMMENDATIONS FOR FURTHER RESEARCH

Development is necessary to make foamed ink practical for flexography.
The ink formulation must be finely tuned to provide proper color density, drying

speed, and viscosity for various applications. The optimum aniiox screen ruling
must be determined for the various applications. Other questions and problems
must surface from this development, and consequently be surmounted.
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